The literature about the frequency of metabolic syndrome in patients with multinodular goitre and a new onset of metabolic syndrome after total thyroidectomy is limited. The aim of this study was to investigate the effects of total thyroidectomy and thyroid hormones on a new onset of metabolic syndrome in patients who underwent total thyroidectomy and have received thyroid hormone replacement.
INTRODUCTION
In the United States, according to the Centers for Disease Control and Prevention report on the National Hospital Discharge Survey 2010, surgical procedures involving thyroid disorders (303.000/year) rank second among the most frequently performed surgical procedures (1) . The surgical practice has changed in favor of total thyroidectomy (TT) for the management of benign nodular disease in the last decade. The adherents of TT emphasize its potential advantages of a lower risk for recurrent nodular disease and a lower rate of thyroidectomy for incidental thyroid carcinoma (2) (3) (4) . On the other hand, when the nodular disease relapse is considered as the primary endpoint in the treatment of multinodular goitre (MNG), two current prospective randomized studies have reported extremely good results with the Dunhill procedure (hemithyroidectomy plus subtotal resection) and demonstrated the safety and efficacy of leaving a small remnant of thyroid tissue without rendering the patient to total thyroid ablation (5, 6) .
The prevention of metabolic complications after TT is as important as surgery-related complications, and it necessitates a close follow-up and treatment. In general, thyroid hormones regulate the basal metabolism, and by acting directly on carbohydrate and lipid metabolism, they determine the basal metabolic rate and energy expenditure, thus regulating thermogenesis (7) (8) (9) . Thyroid hormones influence cardiac contractility, the heart rate, and systemic vascular resistance. Triiodothyronine (T3) via its direct effect on the vascular smooth muscle cells leads to vascular relaxation (10) . Thyroid hormones increase the activity of lipoprotein-lipase with eventual degradation and utilization of triglyceride substrates. Severe hypothyroidism is usually associated with an increased serum concentration of total cholesterol, low-density lipoprotein-cholesterol (LDL-C), and atherogenic lipoprotein profile represented by increased triglyceride (TGC) and decreased high-density lipoprotein-cholesterol (HDL-C) levels (11, 12) .
With its growing importance, metabolic syndrome (MetS) is an epidemic public health issue (13) . The frequency varies by country, but it ranges between 15% and 30% in Europe (14) . The main components of MetS are systemic disorders such as insulin resistance-mediated abdominal obesity, glucose intolerance or diabetes mellitus (DM), and dyslipidemia and hypertension. Thyroid hormones and thyroid dysfunction play an active role in nearly all of these components (15) . The effect of hypothyroidism on MetS is unclear, and the impact of total thyroidectomy has not been previously examined. In this respect, the thyroxine (T4) replacement therapy to prevent hypothyroidism and to obviate MetS after total TT is a major concern in surgical practice. In this study, considering the side-effects of hypothyroidism mentioned above, we investigated the TT and thyroid hormons effects on a new onset of MetS in patients who underwent TT and have received a thyroid hormone replacement therapy. In addition, we aimed to draw attention to the new onset metabolic derangements following the operation.
MATERIAL AND METHODS

Patients and study protocol
This prospective study included patients with MNG who had been treated with TT. Sixty-five patients were allocated between October 2011 and July 2014 at the Department of University of Health Sciences, Izmir Bozyaka Research and Training Hospital, Department of General Surgery. The study protocol was approved by the local ethical committee. Informed consent was obtained from all patients. Six patients were excluded from the study for failing to attend regular visits. Analysis of the study was based on the laboratory, demographic and anthropometric data obtained during the preoperative period and at 1 and 2 years after the operation. The T4 replacement therapy was arranged to keep the thyroid-stimulating hormone (TSH) level within the normal range. It was considered that the patients with a TSH value below 4.24 mIU/mL at the 1 st and 2 nd year after TT had received effective treatment. The diagnosis of atherogenic dyslipidemia (AD) required elevated TGC ≥150 mg/dL and low concentrations of HDL-C (<40 mg/dL in men and <50mg/dL in women) in a routine lipoprotein profile (20, 21) .
Postoperative subclinical hypothyroidism is defined as an elevated TSH (above the upper limit of reference range) with normal FT4 and FT3 concentrations. Normal ranges for TSH, FT3, and FT4 were 0.41-4.24 mIU/mL, 2.5-3.9 pg/mL, and 0.61-1.06 ng/dL, respectively.
Peripheral blood samples were obtained after 12 hours of fasting, and low-density lipoprotein (LDL-C), high-density lipoprotein (HDL-C), total cholesterol (TC), triglycerides (TGC), fasting blood glucose (FBG), fasting insulin (FI), thyroid stimulating hormone (TSH), free T3 (FT3), free T4 (FT4), highly sensitive Creactive protein (hsCRP), and hemoglobin A1c (HbA1c) levels were analyzed. Patients were invited to the hospital for 12-and 24-month visits, and the previous steps were repeated. The data and concomitant medication of the patients were recorded.
Laboratory Technology
A Roche cobas c 311 photometric analyzer was used for the measurement of substrates (albumin, total protein, Urea/Bun), enzymes (ALP, ALT, AST, GGT), the cardiovascular risk profile (TC, HDL-C, LDL-C, TGC), and hsCRP. The UniCel DxI 800; Beckman CoulterNyon, Switzerland, system was used for the determination of the FT3, FT4, and TSH levels. Applied FT3 and FT4 assays were paramagnetic particles; chemiluminescent immunoassays for the quantitative determination of free thyroxine and T3 levels in human serum and plasma. A hypersensitive hTSH/fast TSH Reagent (third-generation assay) made up of paramagnetic particles coated with goat anti-mouse IgG/antihTSH MAb complexes was used for the TSH measurement. The analytical sensitivity of the assay was 0.003 μIU/mL.
Statistical Analysis
Data were expressed as the mean±standard deviation of the mean. Proportions were compared by x2 analysis. The mean values of two groups (with or without MetS) were compared by the Student's T-test or by a nonparametric test if the data were not normally distributed. Comparisons of parameters with more than 2 groups (preoperative and postoperative 12th and 24th month values) were analyzed by the analysis of variance. Stepwise logistic regression analysis was used to determine independent predictors of MetS. p<0.05 was considered statistically significant. All statistical analyses were performed using the SPSS, version 15 (SPSS Inc.; Chicago, IL, USA).
Compared to patients with preexisting MetS before the operation, we assumed a 10% increase at the end of the 1st year after total thyroidectomy. Thus, determining the statistical power as 0.8 and alpha error level of 5%, we found that the required number of patients was 136. In our study, the percentage of patients with metabolic syndrome increased by approximately 12% in the first year after surgery. However, this analysis was based on 59 patients, and the statistical power was 0.64.
RESULTS
The mean age of the patients was 51.9±12.7 (23-75) years. The mean BMI and the average WC were 28.3±4.21 kg/m 2 (20.7-40.7) and 100.2±10.1 (76-123) cm. The mean systolic and diastolic BP were 120.2±11.4 mmHg (100-150) and 76.8±8.6 mmHg (60-90), respectively.
There was a female preponderance (50 pts. or 83.3% for females vs. 9 pts. or 16.6% for males for MNG). With respect to pre-existing (preoperative) co-morbid diseases, 18 patients had hypertension (30.5%), nine had DM (15.3%), three had coronary artery disease (5.1%), and three had hyperlipidemia (5.1%). Of the hypertensive patients, 8.5% was on ss-a blocker treatment (n=5), 15.3% were using angiotensin-convertingenzyme inhibitors or angiotensin II receptor antagonists (n=9), 8 .5% of them received thiazide diuretics (n=5), and 5.1% were using calcium-channel blockers (n=3). Seven patients with diabetes were using oral anti-diabetic drugs, and 2 were on insulin treatment. Preoperative values of BMI, WC, and the ratio of patients with metabolic syndrome increased significantly statistically during the 1st year after the operation. With respect to BMI, 15 patients (25.4%) were normal weight, 24 (40.6%) were overweight, and 20 (34%) were obese before the operation. At the 1st year follow-up, the number of patients with normal weight markedly decreased, and the number of obese patients increased ( Figure 1 ).
Similarly, SBP and DBP increased, and the TG and LDL values worsened significantly (Table 1 ). In addition, 1 patient had newly diagnosed hypertension, and 2 cases manifested with uncontrolled hypertension requiring a second drug. At the first year, 11 patients (19%) had TSH values higher than normal (>4.24 ml/mL). The comparison of patients with normal Comparison of Pre-Operatıve vs. Post-Operative 2 nd Year Forty-two patients have completed the 2nd year after BTT. Of the patients, the mean TSH, FT4, and FT3 values were 4.63±7.46 mIU/mL, 1.02±0.23 ng/dL, and 3.35±4.42pg/mL., respectively. The lipid profile and blood pressure parameters deteriorated, and the mean BMI and WC with MetS rates significantly increased at the 2nd year follow-up of patients ( Table 1 ). The increase in the MetS rates was accompanied by an increase in MetSSS (Figure 2 ). Those who had MetS were elderly, often had subclinic hypothyroidism, a higher basal and surveillance BMI, and had more frequently DM and hypertension (Table 2) . Among the variables such as age, gender, baseline BMI, the history of DM and hypertension, and the TSH level; the baseline BMI (Exp[B] 1.60; p=0.003) independently associated with MetS in multivariate logistic regression analysis was identified.
DISCUSSION
In this study; despite the LT4 replacement therapy in patients who underwent TT, we observed worsening of metabolic parameters and an increase in the prevalence of MetS during the 2-year follow-up period. Indeed, the incidence of MetS increased from 39% to 52% at the postoperative 1st year and rose up to 62% at the 2nd year follow-up with simultaneous increase in MetSSS. Moreover, MetS rate rose to 92% in patients with the TSH level >4.2 mIU/mL at the 2 nd year control.
The relationship between thyroid dysfunction and MetS has been shown in several studies. In these patients, the most common thyroid dysfunction is subclinical hypothyroidism (22) (23) (24) . However, the literature about the frequency of MetS in patients with multinodular goitre is limited. In a study of 1422 Caucasian patients with thyroid disease, the presence of multinodular non-toxic goitre independently predicted the development of MetS (25) . In our study, metabolic syndrome was present in 39% of patients referred for surgery because of MNG. More importantly, we detected a significant increase in the rate and severity of MetS after the operation. This indicates the importance of the choice of operation (total or subtotal thyroidectomy) and a close follow-up in these patients with high cardiovascular risk.
In our study group, we observed a significant increase in the prevalence of MetS at the 1st year follow-up despite the LT-4 replacement therapy. Several factors may be responsible for this process. First of all, keeping the target TSH levels lower for these specific patients can lead to a reduction in the development and progression of MetS. A significant relationship between the prevalence of MetS and the TSH levels existed in a large-scale cohort study including 7270 patients and by offsetting a normal TSH value between 0.35 and 1.38 mIU/mL; the prevalence of MetS increased 1.25-fold in patients with the TSH levels between 2.42 and 3.44 mIU/mL), and the MetS risk is increased 1.92-fold in cases with TSH>4.48 mIU/mL (26) . In our study, the average TSH value at 1 year was in the normal range (2.13±3.64 mIU/mL); however, it was higher than the reference TSH value of the previously mentioned study. Relatively high TSH values may contribute to the deterioration of metabolic profile of patients after TT.
Two important features of this study were the progression of central obesity reflected by elevated body weight, BMI, and WC after surgery and the increasing rate of patients with MetS (from 39% to 51.7%) at the postoperative 1st year ( Table 1) . The FT3 levels significantly decreased within the 1st year following the operation but improved thereafter. In our opinion, the most rationalistic explanation of the increase in WC appears to be diminished 3.3'-triiodothyronine-responsive energy expenditure and corresponding slow basal metabolic rate in these patients with the FT3 hormone levels within the lower limit of normal value (27, 28) . It is very-well known that thyroid hormones affect the synthesis and particularly the degradation of lipids. Thus, both the utilization of lipid substrates and the mobilization of triglycerides stored in the adipose tissue should be reduced in these patients (29) . Lipid disorders in our series were consistent with a Colorado study, which was reflected by the increased mean total cholesterol and low-density lipoprotein cholesterol levels. In the Colorado study, impaired lipid profile was observed particularly in subjects with subclinical hypothyroidism (TSH values between 5.1 and 10 mIU/L); however, in our study, a progressively deteriorating TC and LDL profile was present in the clear majority of patients independently from the TSH levels (30) . Similarly, in a separate study, total thyroidectomy seriously deteriorated the lipid profile. By an effective thyroxine replacement, the patients have become euthyroid at least for 3 months after TT. However, compared with the the preoperative serum total cholesterol levels, the deteriorated TC values after TT remained unchanged at the 6th month follow-up (31) . What measures to be taken to counteract the cardiometabolic adverse effects of impaired lipid profile and increased (W, BMI, WC) is a matter of concern in TT patients. An association between subclinical hypothyroidism and an increased risk of the coronary heart disease mortality has been shown particularly in those with a TSH level of 10 mIU/L or greater (32) . None of the patients with hypertension and coronary heart disease required cardiac intervention or experienced myocardial infarction in our series. This may be attributed to shorter follow-up despite a high (31%) prevalance of subclinic hypothyroidism (13 cases at the 24 th month after TT).
This study provides important data of various biochemical parameters and body composition and their effects in patients undergoing TT. However, it lacks a control group in terms of an optimal medical treatment after surgery; therefore, a controlled study is necessary to confirm our hypothesis that TT renders patients to metabolic complications that could not be managed by the levothyroxine treatment alone. This analysis is based on 59 patients, and the statistical power is 0.64. Although the statistical power is low, our results were noteworthy that especially preoperative BMI was statistically significant in predicting the postoperative MetS.
CONCLUSION
MetS is a major problem in adult patients with non-toxic multinodular goiter undergoing surgery. In these patients, an increased frequency of MetS can be observed even after the administration of levothyroxine replacement therapy following TT. Given the increased frequency of MetS after surgery in patients with preexisting DM, hypertension, and high BMI, if possible, a subtotal thyroidectomy and/or alternative thyroid replacement therapy may be considered. 
